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ABSTRACT 
Contamination of soil and groundwater by organic chemicals represents a major environmental 
problem in urban areas throughout the United States and other industrialized nations. Over many decades 
a wide variety of toxic organic chemicals have intentionally or accidentally been released into the 
subsurface resulting in serious risks to human health and environmental quality (e.g., increased cancer 
risk through ingestion of contaminated drinking water or inhalation of vapors within buildings). 
In situ chemical oxidation (ISCO) has emerged as one of several viable methods for remediation 
of organically contaminated sites. Many of the most prevalent organic contaminants of concern (COCs) at 
sites in urban areas (e.g., chlorinated solvents, motor and heating fuels) can be destroyed using oxidants 
such as catalyzed hydrogen peroxide (H2O2), potassium permanganate (KMnO4), sodium persulfate 
(Na2S2O8), and ozone (O3). Based on laboratory experimentation, reaction stoichiometries, pathways, and 
kinetics have been established for many organic COCs. The reactions involve electron transfer or free 
radical processes with simple to complex pathways following 2
nd
-order kinetics with very fast reaction 
rates. The need for activation, sensitivity to matrix conditions (e.g., temperature, pH, salinity), and 
interactions with subsurface properties all vary between the different oxidants and site conditions.   
The ISCO systems that can be deployed in the field are highly varied in their features based on 
site conditions and cleanup goals. Cleanup goals generally specify one or more of the following 
objectives: 1) reduce the contaminant concentration or mass in a target treatment zone (TTZ) by some 
percentage (e.g., >90%), 2) achieve a specified post-ISCO contaminant concentration in a TTZ (e.g., <1 
mg/kg in soil or <100 ug/L in groundwater), or 3) achieve a concentration in a groundwater plume at 
some compliance plane down gradient from a TTZ. To achieve these types of clean up goals, oxidants can 
be used alone or in combination with other amendments. Oxidant and amendment delivery into the 
subsurface has most commonly been accomplished using injection wells and probes. While ISCO can be 
used as a stand-alone remedy, to achieve stringent cleanup goals it is often synergistically combined with 
other remedies such as in situ bioremediation and monitored natural attenuation. 
Effective application of ISCO for remediation of a particular site depends on a clear and thorough 
understanding of ISCO and its applicability to a given set of contaminant and site conditions to achieve 
site-specific cleanup goals. A continuing challenge for ISCO, as well as other in situ remediation 
technologies, is how to achieve in situ delivery and obtain simultaneous contact between oxidants and 
amendments and the target COCs. During the past few years, advances have been made in several key 
areas including knowledge and know-how associated with: 1) use of amendments for oxidant stabilization 
and enhanced mobility in heterogeneous settings with low permeability zones, 2) use of direct push 
technology for targeted high resolution delivery of oxidants and amendments, and 3) use of monitoring 
and sensing methods for direct feed back for process control and evaluation of remediation effectiveness.  
This presentation will highlight advances in groundwater remediation based on more effective in 
situ delivery of oxidants and amendments to remediate a TTZ and achieve cleanup goals that help protect 
groundwater and associated drinking water resources.  
